We describe an automated spectrophotometric reaction-rate method for determination of ethanolinserum and urine with a miniature centrifugal analyzer. The ethanol is selectively oxidized in the presence of alcohol dehydrogenase and NAD to form NADH, which is measured by the rate of change of its absorbance. Reaction rates are determined automatically, and unknown concentrations are calculatedfrom a computer-generated working curve based on aqueous ethanol standards. Blood, serum, or urinespecimens need not be deproteinized. The method permits duplicate analysis of at least30 samples per hour. Coefficientsof variationand relativeerrors are about 2-3% forethanol concentrationsof 0.3-3.0 tg per 2 tl of sample. Analytical recovery of ethanoladded to serum is 92-103% (average, 98.5%). Comparisons with distillation-oxidation, gas-chromatographic, and conventional enzymic procedures give satisfactory agreement.
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Ethanol determinations
are the most frequent analyses required in the forensic and clinical toxicology laboratory
(1). The increased demand for ethanol determinations, largely in response to traffic safety legislation, has resulted in the development of a variety of analytical methods. Gas-chromatographic methods, by virtue of their ability to separate and quantitate sample components, have been widely used (2, 3) .
During the past 20 years, enzymic methods (4-13) have been increasingly favored over the chemical oxidation methods, because of their high specificity, great sensitivity, and simplicity. 
Materials and Methods

Apparatus
Hardware.
The instrumental system is based upon the original s, which includes a mixing time of 11.3 s during which four rapid acceleration and braking operations take place,and a measurement time of 20 s,during which 20 absorbance readings are taken for each cuvette.Place the loaded discon the rotor.The analysisisstartedand run under computer control. At the end of the analytical run, remove the disc,empty it by aspiration,wash thoroughly with distilled water, and allow itto airdry.
Ifthe originalsample contains more than 160 mg of ethanol per 100 ml, the dilutionfactorshould be such that dilutesolutionsS does not contain more than 8 mg of ethanol per 100 ml.
Data reduction.
The maximum reactionratesin each cuvette are automatically determined by a special least-squares program. The slopeand y-interceptof the calibrationcurve are calculated by fitting concentrations of the standards and ratesmeasured forthe ethanol standards to a straightline.These values are used to calculatethe concentrations of unknown samples from theirreactionrates. 804 CLINICAL CHEMISTRY, Vol. 22, No. 6, 1976 Application of the miniature centrifugal analyzer provides a convenient way to study the linearrange, precision, and accuracy of the ethanol assay. Various initial NAD concentrations and ADH activities can be used. By running the various mixtures in parallel on a single disc and using arbitrary subsets of the standards in the construction of the calibrationcurve,the effects of differentconcentrations of reagents and standards on the linearityand slope of the calibrationcurve can be observed and the optimal concentrations chosen. Several combinations of NAD+ and ADH were tried, in the ranges 3.6 X i0 to 3.6 X 10_2 mol of NAD per liter and activities of about 1.6 to 13 U/ml of working ADH solution,equivalent to finalconcentrations after the mixing of 3.6 X 10 to 3.6 X i0 mol of NAD per liter and activities of 0.8to 6.5U/ml. The most accurate resultsforthe range 0.75-8 mg of ethanol per 100 ml of standard solution, equivalentto 15 to 160 mg of ethanol per 100 ml ofbody fluidbeforethe 20-folddilution, were obtained with the combination 3.6 X i0 mol of NAD per literand 2.5 to 3 U of working ADH solutionper milliliter. These reagent concentrationswere chosen as optimum for the determination of ethanol in body fluids.Under the selectedconditions there isa linear relationship between reaction rate and ethanol concentrations in the range 0.75-8 mg of ethanol per 100 ml. The ethanol concentrations of the samples should be brought into this range by appropriate dilution because the slopes of the working curves decrease at higher
Results and Discussion
concentrations.
A delay time of 12 s and a measurement time of 20s were chosen, so that at least 10 of the 20 absorbance measurements are taken when the rate is at the maxi-
mum.
In this work the only temperature control is room temperature to 1 #{176}C, but accurate results are obtained because calibration materials are included among the samples in each disc. Because legal protocol may require standards to be run concurrentlywith samples, the lack of temperature controlisnot a problem. With accurate temperature control to within 0.1#{176}C, however, itshould be feasible to run only one controlstandard on each disc. This is indicated by results obtained during six runs completed over a 90-mm period. The CV for the slopes of the calibration curves was 3.7%,and the average error increased by only 1% when each calibration curve was used for all discs.
The accuracy of the proposed method was estimated by recovery experiments done by adding various amounts of ethanol to pooled ethanol-free sera to produce concentrations of 15-150 mg of ethanol per 100 ml. The resultsare shown in Table 1 .Analyticalrecovery ranged from 92 to 103%, with an average of 98.5% forthe entire series.
To check the precision, we did a series of determinations on several of the aforementioned pooled sera containing known amounts of added ethanol, as well as on blood samples. The proposed method shows a high degree of reproducibility, with coefficients of variation ranging from 0.5to 2.9% (n = 5-8), which includes errors arising from pathlength variation, pipetting, and other instrumental factors. We tested the proposed method by analyzing several aqueous samples and specimens of pooled blood and urine, which were analyzed by distillation-oxidation, gas-chromatographic, and enzymic procedures at the
Alcohol Testing Evaluation
Program (ATEP), Madison, Wis., by 28 laboratories participating in the program (20). The results are shown in Table 2 . The correlation coefficient for 12 samples was 0.986.The good correlation demonstrates the accuracy of the present method. The chief advantages of the present work are sensitivity and speed with very small sample volumes, and also that no sample pretreatment, such as distillation or deproteinization, is necessary. The miniature centrifugal analyzer method for the determination of ethanol in body fluids performs well, as demonstrated by good precision, nearly 100% recovery, and agreement of results with those obtained by conventional methods.
